• ♦ 

7 simulate perfonnance of the medical procedure with said associated medical instrument in 

8 accordance with said\measured manipulation; and 

9 a coupling mechanism for receiving said peripheral and operatively coupling said peripheral 

1 0 to said sensing assembly Vherein said coupling mechanism includes dimension adjustment means 

11 for automatically adjusting coupling mechanism dimensions in response to translational 

1 2 manipulation of said peripheral relative to said interface apparatus. 

1 13. The apparatus of claimXl 2 wherein said sensing assembly includes: 

2 a force feedback unit to apply force feedback to said peripheral in response to control signals 

3 from said simulation system. — ^ 

Cy 

1 14. The apparatus of claim 12 furthefdncluding: 

2 a mock anatomical site having an orificeSfor receiving said peripheral and providing access 

3 to said coupling mechanism; and \ 

4 a pivoting mechanism to selectively pivot said mock anatomical site into a particular 

5 orientation to perform the medical procedure. \ 

1 15. The apparatus of claim 12 further including: \ 

2 a mock anatomical site having an orifice for receiving said peripheral; 

3 a block of resilient material disposed between said mock\natomical site and said coupling 

4 mechanism; and \^ 

\ 
\ 

\ 

2 ^ 



5 a guide tube Wending from said orifice through said block to said coupling mechanism to 

6 guide said peripheral within said interface apparatus; 

7 wherein said bltfck provides resiliency to simulate forces and movement of said orifice 

8 encountered during performance of the medical procedure. 

1 16. The apparatus of claim 15 wherein said resilient material includes foam. 

1 17. The apparatus of claim 1^ wherein said associated medical instrument includes an 

2 endoscope, and said medical procedure is an endoscopic procedure. 

1 1 8. The apparatus of claim 1 7 wherko'SMd-oeripheral is in the form of an endoscope and 

2 includes: |i \ / 

3 a working channel; ^ ' N. 

4 a working channel peripheral selectively manipulable by the user and associated with a 

5 working channel tool; and \ 

6 a sensor to measure manipulation of said working channel peripheral and transmit 

7 information associated with said working channel peripheral manipulation to the simulation system 

8 to enable the simulation system to simulate performance of the medical procedure with said 

9 associated working channel tool in accordance with said working cl^aimel peripheral manipulation. 

1 1 9. The apparatus of claim 1 8 wherein said peripheral further includes a working channel 

2 force feedback unit to apply force feedback to said working channel peripl^ral. 

3 \ 

\ 



1 20. The apparatus of claim 1 7 wherein said peripheral is in the form of an endoscope and 

2 includes: \ 

3 a navigation tube for insertion into the interface apparatus to traverse the simulated anatomy 

4 of the virtual patient/wherein a distal end of said navigation tube is associated with a camera; 

5 a tube position petipheral selectively manipulable by the user and associated with the distal 

6 end of said navigation tube; and 

7 a sensor to measure manipulation of said tube position peripheral and transmit information 

8 associated with said tube position peripheral manipulation to the simulation system to enable: the 

9 simulation system to simulate flexing^of said navigation tube distal end and positioning of said 

1 0 camera within the simulated anatomy dunn^erformance of the medical procedure in accordance 

1 1 with said tube position peripheral manipulatmn. j 

1 21 . The apparatus of claim 12 wherein: \ 

2 said medical procedure is an interventional radiology procedure; 

3 said peripheral includes a plurality of nested instnknents each selectively manipulable by the 

4 user and associated with a corresponding medical instrument; 

5 said apparatus further includes a plurality of said couplihg mechanisms to operatively couple 

6 said nested instruments to said sensing assembly; and \ 

7 said sensing assembly includes peripheral sensing means for measuring manipulation of each 

8 nested instrument within the simulated anatomy and providing infom^ion associated with said 

9 nested instrument manipulation to the simulation system to enable the simulation system to simulate 



4 



1 0 perfonnance of the^edical procedure with said corresponding medical instruments in accordance 

1 1 with said nested instriiment manipulation. 



1 22. The apparatusW claim 1 2 further including a plurality of peripherals each selectively 

2 manipulable by the user and associated with a corresponding medical instrument and a plurality of 

3 said coupling mechanisms to opCTatively couple said plurality of peripherals to said sensing 

4 assembly; 

5 wherein said sensing assembly includes peripheral sensing means for measuring 

6 manipulation of each peripheral within th^imulated anatomy and providing information associated 

7 with manipulation of each said peripheral to'fli^^ulation system to enable the simulation system 

8 to simulate performance of the medical pro^e*»rewi^said associated medical instruments and 

9 exchange of said associated medical instrJl^ents d^uijjg the medical procedure in accordance with 
1 0 said manipulation of said peripherals. 

1 23. The apparatus of claim 1 3 further including a caoture mechanism to engage a distahnost 

2 portion of said peripheral and operatively couple said p^pheral to said sensing assembly. 



1 24. The apparatus of claim 23 wherein said capture mechanism includes: 

2 a disc attached to a proximal end of said dimension adjustment means; 

3 a first annular washer disposed proximate and connected to said disc; 

4 a second annular washer disposed toward a distal end of said captitfe mechanism; 
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5 a third a^wlar washer disposed distally of and connected to said second annular washer for 

6 receiving said peripheral; 

7 a tubular meinber disposed between said disc and said third annular washer, wherein a 

8 tubular member proxim^'^nd is disposed through said first annular washer and attached to said disc 

9 and a tubular member distalrad is disposed through said second annular washer and attached to said 

10 third annular washer; and 

1 1 a spring disposed between^aid first and second annular washers to elongate and compress 

12 said tubular member in response to\^slational manipulation of said peripheral relative to said 

1 3 interface apparatus to facilitate adjustment of tubular member cross-sectional dimensions; 

14 wherein expansion of said spring^ii^^ponse to insertion of said peripheral within said 

1 5 interface apparatus elongates said tubula|'4e;^hei;, thereby decreasing said tubular member cross- 

1 6 sectional dimensions to engage said peripyral,W^ wherein compression of said spring in response 

17 to withdrawal of said peripheral firom said interfile apparatus compresses said tubular member, 

18 thereby increasing said tubular member cross-sectional dimensions to release said peripheral. 



1 25. The apparatus of claim 24 wherein said tiibular member includes a spirally wound 

2 material. 



1 26. The apparatus of claim 23 wherein said capture mechanism is disposed within said 

2 sensing assembly and includes: \^ 

3 a peripheral interface having a plurality of jaws defined in a distal portion tiiereof to surround 

4 and engage said peripheral; 



5 a spfoig disposed over said peripheral interface to bias said jaws to a normally closed state; 

6 an expakder disposed proximate said spring and having a conical distal end to manipulate 

7 said jaws to enter open and closed states; and 

8 a pivotable actuator disposed proximate said expander to manipulate said expander to 

9 overcome said spring bias and control actuation of said jaws for entry into said closed.and open 
10 states for capturing and releasing said peripheral. 



1 
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27. The apparatus of claimL26 wherein said capture mechanism further includes: 
an automatic capture and rel\^ase mechanism to automatically capture and release said 
peripheral. 



28. The apparatus of claim 27 
includes: 




n said automatic capture and release mechanism 



a rod connected to said sensing assembly vika friction bracket; 

a pivotable bracket disposed on said sensing assembly proximate said rod; 

actua 



an actuator extension coupled to said pivotable actuator to control actuation of said jaws to 
capture and release said peripheral; 

a support bracket disposed on said rod for manipulatin^aid actuator extension to control 

8 actuation of said jaws; 

9 a bracket spring disposed between said sensing assembly and safd pivotable bracket to apply 
10 force to said pivotable bracket to pivot that bracket about said support bradcet and manipulate said 



1 1 actuator ext^ion relative to said support bracket to control actuation of said jaws in response to 

1 2 insertion and withdrawal of said peripheral within said interface apparatus; 

13 wherein salfl peripheral interface captures said peripheral in response to said actuator 

1 4 extension being forcdJ against said support bracket by said pivotable bracket and said bracket spring 

15 and releases said peripheral in response to said actuator extension being forced away from said 

1 6 support bracket by said prvotable bracket and said bracket spring. 
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a plurality of said sensing ass 
with a corresponding nested insi 



29. The apparatus of claim 28 wherein said peripheral includes a pluraUty of nested 
instruments each selectively manipt^abl^ the user and associated with a corresponding medical 
instrument, and said interface apparat^to^etmcludes: 

I including said capture mechanism and associated 
;nt fpr^ngaging and measuring manipulation of that nested 
instrument and providing information associate^with manipulation of that nested instrument to the 
simulation system to enable the simulation system to simulate performance of the medical procedure 
with said corresponding medical instruments inX^accordance with said nested instrument 
manipulation; and 

a plurality of coupling mechanisms each associated Vith a coixesponding nested instrument 
for operatively coupling said corresponding nested instrument to a corresponding sensing assembly; 

wherein said friction bracket of each said sensing assembly capture mechanism includes a 
selectively adjustable friction member to adjust frictional forces beWeen that friction bracket and 
a corresponding capture mechanism rod to control resistance applied that sensing assembly to 
translational motion of said corresponding nested instrument; 



16 whereinSsaid friction member simulates frictional forces encountered between nested 

1 7 instruments during performance of the medical procedure. 

1 30. The apparatus of claim 23 wherein: 

2 said dimension adjustment means includes an inner tubular member and an outer tubular 

3 member, wherein said inner tubular member is disposed within said outer tubular member and slides 

4 relative to said outer tubular member to automatically adjust said coupling mechanism dimensions 

5 in response to translational manipulation of said peripheral relative to said interface apparatus; 

6 said capture mechanism is disp^^ed at<j^65amal end of said inner tubular member to engage 

7 said peripheral; and 

8 a distal end of said inner tubul^ |ier^bCT/s attached to said sensing assembly, wherein said 

9 inner tubular member is manipulated in accordance with said peripheral manipulation and said 

1 0 sensing assembly measures said peripheral manipulation by measuring manipulation of said inner 

1 1 tubular member. 



1 




31. The apparatiis of claim 30 fiirther including first and second supports, wherein said 



2 sensing assembly includes: 

3 first and second pulleys disposed on said first and second supports, respectively; 

4 a belt disposed about and between said first and second pulleys; 

5 a peripheral motion assembly attached to said belt and said ihner tubular member distal end 

6 to facilitate measurement of manipulation of said inner tubular membe^r to measure said peripheral 

7 manipulation, wherein said peripheral motion assembly is movable bet^n said first and second 



8 supportsNm response to translational manipulation of said peripheral relative to said interface 

9 apparatus and further includes a rotation sensor to measure rotational motion of said peripheral by 

1 0 measviring rotational motion of said inner tubular member; and 

1 1 a translatiW sensor disposed proximate said first pulley to measvire translational motion of 

1 2 said peripheral by measuring rotation of said first pulley, wherein said peripheral motion assembly 

1 3 manipulates said belt ttfvrotate said first and second pulleys during movement between said first and 

1 4 second supports in respo^e to said translational manipulation of said peripheral; 

15 wherein said force fefedback unit is disposed proximate said second pulley to apply force 

1 6 feedback to said peripheral in rek^onse to control signals from said simulation system by impeding 

17 rotation of said second pulley, wh^i;,ein ^id, second pulley applies a resistive force to said belt in 



1 8 response to said impeded rotation to 

1 9 and thereby impede translational m 




^Lcd^jfepanslational motion of said peripheral motion assembly, 
• saicKperipheral. 



1 32. The apparatus of claim 24 wherein sldd apparatus fiirther includes bias means for biasing 

2 said capture mechanism to an open state to enabl^entiy and release of said peripheral within said 

3 capture mechanism. 



1 33. The apparatus of claim 32 fiirther including, first and second supports, wherein said 

2 sensing assembly is disposed between said first and second^upports and said capture mechanism 

3 is disposed at a proximal end of said coupling mechanism, anX wherein said bias means includes: 

4 a first magnet attached to a distal portion of said coupling^^echanism; and 

5 a second magnet attached to said first support; 
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6 whereimattraction forces of said first and second magnets bias said spring to a compressed 

7 state to facilitate iWeased cross-sectional dimensions of said tubular member and entry and release 

8 of said peripheral within said capture mechanism. 

1 34. The apparWs of claim 23 wherein said dimension adjustment means includes 

2 stabilization means for stalwlizing said peripheral against buckling during manipulation of said 

3 peripheral within said interface apparatus to perform the medical procedure. 

1 35. The apparatus of clairny34 wherein: 

2 said stabilization means include^ inner tubular member and an outer tubular member, 

3 wherein said inner tubular member isdJsi^bsed wothin said outer tubular member and slides relative 

4 to said outer tubular member to stib|lize\Mp^pheral against buckling and to automatically adjust 

5 said coupling mechanism dimensiohs-iB-feSponse to translational manipulation of said peripheral 

6 relative to said interface apparatus; and \ 

7 a distal end of said inner tubular member attached to said sensing assembly to operatively 

8 couple said peripheral to said sensing assembly. \ 

1 36. The apparatus of claim 34 further includin^irst and second supports, wherein said 

2 sensing assembly includes: \ 

3 first and second pulleys disposed on said first and second supports, respectively; 

4 a belt disposed about and between said first and second pulleys; 
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11 said peripheral by measuring rotation of said first pulley, wherein said peripheral motion assembly 



5 a peripherarmotion assembly attached to said belt and said stabilization means to facilitate 

6 measurement of said plmpheral manipulation and including said capture mechanism to engage said 

7 peripheral, wherein saidVperipheral motion assembly is movable between said first and second 

8 supports in response to tftoslational manipulation of said peripheral relative to said interface 

9 apparatus and further includeV a rotation sensor to measure rotational motion of said peripheral; and 
1 0 a translation sensor disposed proximate said first pulley to measure translational motion of 

imoi 

1 2 manipulates said belt to rotate said firs^vand second pulleys during movement between said first and 

1 3 second supports in response to said transl\^ionapB^ipulation of said peripheral; 

14 wherein said force feedback unit is disposed proximate said second pulley to apply force 

1 5 feedback to said peripheral in response to cijilf^^^^ials^om said simulation system by impeding 

1 6 rotation of said second pulley, wherein s^ d second^jalley applies a resistive force to said belt in 

1 7 response to said impeded rotation to impede translational motion of said peripheral motion assembly, 

1 8 and thereby impede translational motion of said peripheral. 

\ 



1 



37. The apparatus of claim 34 wherein said dimension adjustment means includes a bellows 

\ 

2 and said stabilization means includes a series of openings defin^ in said bellows for receiving said 

\ 

3 peripheral and operatively coupling said peripheral to said sensirig^ assembly. 

\ 

1 38 The apparatus of claim 34 further including first and second supports, wherein said 

\ 

2 sensing assembly includes: \ 

3 first and second pulleys disposed adjacent said first and second supports, respectively; 
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4 a belt dispMed about and between said first and second pulleys; and 

5 a peripheral motion assembly attached to said belt and including said capture mechanism to 

6 engage said peripheral, wherein said coupling mechanism is disposed between said peripheral 

7 motion assembly and said^rst support, and wherein said peripheral motion assembly is movable 

8 between said first and second\supports in response to translational manipulation of said peripheral 

9 relative to said interface apparatus and further includes: 

1 0 a rotation sensor tomieasure rotational motion of said peripheral; and 

1 1 a translation sensor to measure translational motion of said peripheral; 

12 wherein said force feedback\nit is disposed proximate said first pulley to apply force 

13 feedback to said peripheral in response\) signals from said simulation system by impeding 

1 4 rotation of said first pulley, wherein saidAst j^Hev applies a resistive force to said belt in response 



lati( 

\ 

1 6 thereby impede translational motion of satdperipheral. 



1 5 to said impeded rotation to impede tr|ii]^lational rjtotion of said peripheral motion assembly, and 



1 39. The apparatus of claim 34 wherein said peripheral includes a plurality of nested 

2 instruments each selectively manipulable by the user ^d associated with a corresponding medical 

3 instrument, and said interface apparatus further includes 

4 first and second supports; \ 

5 a plurality of said sensing assemblies, each assorted with a corresponding nested 

6 instrument for measuring manipulation of that nested instrumeiit within the simulated anatomy and 

7 providing information associated with manipulation of that nested instrument to the simulation 
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system to enable theWiulation system to simulate perforaiance of the medical procedure with said 
corresponding medicallnstruments in accordance with said nested instrument manipulation; 

a plurality of saiA coupling mechanisms each associated with a corresponding nested 
instrument for stabilizing sdd corresponding nested instrument against buckling and operatively 
couphng said corresponding nested instrument to a corresponding sensing assembly, wherein each 

said sensing assembly includes: 

first and second puUe^isposed toward said first and second supports, respectively; 
a belt disposed about and between said first and second pulleys; 
a peripheral motion assemblV attached to said belt and including said capture 
mechanism to engage a correspondmg n\/ed inahiiment, wherein said peripheral motion 

ipports in response to translational 
relative to said interface apparatus and 



anc 



fcond 



iinst 



assembly is movable between said first! 
manipulation of said corresponding lest* 
further includes: 

a rotation sensor to measure rotational motion of said corresponding nested 
instrument; and 

a translation sensor to measure translatiohal motion of said corresponding 

nested instrument; and 

a force feedback unit disposed proximate said first pulW to apply force feedback to 
said corresponding nested instrument in response to control sisals firom said simulation 
system by impeding rotation of said furst pulley, wherein said first ^Uey applies a resistive 
force to said belt in response to said impeded rotation to impede transitional motion of said 
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29 peripheraiVotion assembly, and thereby impede translational motion of said corresponding 

30 nested instrument; 

3 1 wherein said petipheral motion assemblies are successively arranged between said first and 

32 second supports, and wherein each said capture mechanism is configured to capture a nested 

33 instrument of a particular dimension and permit lesser dimensioned instruments to extend through 

34 that peripheral motion assembly. 

1 40. The apparatus ofclaii)i^34 further including: 

2 first and second supports; 

3 a plurality of independent periphpr^ each selectively manipulable by the user and 

4 associated with a corresponding medicau 

5 a plurality of said sensing assemblies each Associated with a corresponding independent 

6 peripheral for measuring manipulation 6Csai.dA(^rresponding independent peripheral within the 

7 simulated anatomy and providing' information as^ciated with manipulation of that independent 

8 peripheral to the simulation system to enable the simulation system to simulate performance of the 

9 medical procedure with said corresponding medical instruments in accordance with said independent 

10 peripheral manipulation; \^ 

1 1 a plurality of said coupling mechanisms each associate^d with a corresponding independent 

1 2 peripheral for stabilizing said corresponding independent peripher^against buckling and operatively 

1 3 coupling said corresponding independent peripheral to a corresponding sensing assembly, wherein 

\ 

14 each said sensing assembly includes: \ 

\ 

1 5 first and second pulleys disposed toward said first and second supports, respectively; 

15 




\ 



1 6 a bblt disposed about and between said first and second pulleys; 

17 a peripheral motion assembly attached to said belt and including said capture 

18 mechanism to engage said corresponding independent peripheral, wherein said peripheral 

19 motion assembly \s movable between said first and second supports in response to 

20 translational manipination of said corresponding independent peripheral relative to said 

2 1 interface apparatus andiurther includes: 

22 a rotatioi\ sensor to measure rotational motion of said corresponding 

23 independent periphetal; and 

24 a translation se^of t^ measure translational motion of said corresponding 

25 independent periphersT; 

26 a force feedback uni\<Jispos^ pr5>^imate said first pulley to apply force feedback to 

27 said corresponding independenTpei^heral in response to control signals firom said 

28 simulation system by impeding rotation of said first pulley, wherein said first pulley applies 

29 a resistive force to said belt in response to^^id impeded rotation to impede translational 

30 motion of said peripheral motion assembly, and^ereby impede translational motion of said 

31 corresponding independent peripheral; v 

32 wherein said sensing assemblies are arranged in parallel relation within said interface 

33 apparatus to measure manipulation of said independent peripherals. 



4 1 . The apparatus of claim 40 wherein: 
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2 at least oneW said independent peripherals includes a plurality of nested instruments with 

3 each nested instrumeiit being selectively manipulable by the user and associated with a 

4 corresponding medical instrument; 

5 a plurality of said sensing assemblies are associated with said at least one nested peripheral, 

6 wherein each nested peripLral sensing assembly is associated with a corresponding nested 

7 instrument to engage, provide ^ce feedback to and measure manipulation of that nested instrument; 

8 and 

9 a plurality of said coupling mechanisms are associated with said at least one nested 

1 0 peripheral with each associated coupliii^medianism stabilizing a corresponding nested instrument 

1 1 against buckling and operatively couplin^^ai^co^esponding nested instrument to a corresponding 

12 sensing assembly. 




1 42. The apparatus ofclaim 40 further induding: 

2 a mock anatomical site having a plurality of^^fices, wherein each said orifice is associated 

3 with a corresponding independent peripheral for recei^^g that peripheral; 

4 a block of resilient material disposed between sai^mock anatomical site and said coupling 

5 mechanisms; and \ 

6 a plurality of guide tubes each associated with a corresponding orifice and extending fi-om 

7 that orifice through said block to a corresponding coupling medmnism to guide said independent 

8 peripheral associated with that orifice within said interface apparattas; 

9 wherein said block provides resiUency to simulate forces and^movement of said orifices 
1 0 encountered during performance of the medical procedure. 

17 



1 43. An iikerface apparatus for operatively interconnecting instruments to a simulation 

2 system to enable a use\ to interact with the simulation system to perform a medical procedure on a 

3 simulated anatomy of a Virtual patient, said interface apparatus comprising: 

4 a plurality of peripherals each selectively manipulable by the user and associated with a 

5 corresponding medical instrument; and 

6 a plurality of sensingXassemblies each associated with a corresponding peripheral for 

7 measuring manipulation of that peripheral within the simulated anatomy and providing information 

8 associated with manipulation of saidvcoixesponding peripheral to the simulation system to enable the 



9 simulation system to simulate perfomiance 

1 0 instruments and exchange of said associ] 

1 1 accordance with said manipulation o 




le medical procedure with said associated medical 
edical instruments during the medical procedure in 
als. 



44. An interface apparatus for operatively interconnecting instruments to a simulation 



system to enable a user to interact with the simulation system to perform a medical procedure on a 
simulated anatomy of a virtual patient, said interface, apparatus comprising: 



a peripheral selectively manipulable by the us^ and associated with a medical instrument; 
a sensing assembly to measure manipulation of^aid peripheral and transmit information 
associated with said manipulation to the simulation systkn to enable the simulation system to 
simulate performance of the medical procedure with sai^ associated medical instrument in 

8 accordance with said measured manipulation; 

9 a mock anatomical site having an orifice for receiving saih^peripheral and providing access 
10 to said sensing assembly; and 
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1 1 a pivGting mechanism to selectively pivot said mock anatomical site into a particular 

1 2 orientation to perform the medical procedure. 
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45. An interfac^apparatus for operatively interconnecting instruments to a simulation 
system to enable a user to interact with the simulation system to perform a medical procedure on a 
simulated anatomy of a virtu^atient, said interface apparatus comprising: 

a peripheral selectively mWpulable by the user and associated with a medical instrument; 
a sensing assembly to measure manipulation of said peripheral and transmit information 
associated with said manipulation to the sjfmJilation system to enable the simulation system to 
simulate performance of the medical Mc&Lx^vfith. said associated medical instrument in 

tion-: 



8 accordance with said measured manipv 

9 a mock anatomical site having axj orific^or receiving said peripheral and providing access 

10 to said sensing assembly; 

1 1 a block of resilient material disposed between\aid mock anatomical site and said sensing 

12 assembly; and 

1 3 a guide mbe extending from said orifice through said'b^ock toward said sensing assembly to 

1 4 guide said peripheral within said interface apparatus; 

15 wherein said block provides resiliency to simulate forces^nd movement of said orifice 

1 6 encountered during performance of the medical procedure. 



46. The apparatus of claim 45 wherein said resilient matWial includes foam. 
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47. An interface apparatus for operatively interconnecting instruments to a simulation 
system to enablka user to interact with the simulation system to perform a medical procedure on a 
simulated anatomySpf a virtual patient, said interface apparatus comprising: 

a peripheral having a plurality of nested instruments each selectively manipulable by the user 
and associated with a conresponding medical instrument; 



a plurality of sensirtg assemblies each associated with a corresponding nested instrument for 

7 measuring manipulation of ski corresponding nested instrument within the simulated anatomy and 

8 providing information associatfed with manipulation of that nested instrument to the simulation 
system to enable the simulation sykjem to simulate performance of the medical procedure with said 

1 0 corresponding medical instruments i^i a/cord^ce with said nested instrument manipulation; 

1 1 wherein each said sensing a^en^Snckides a peripheral motion assembly including a 

12 capture mechanism to engage sai^cbrrespbjidipg nested instrument, and said peripheral motion 

13 assembly is movable in respons\to ti^a^ipnal manipulation of said corresponding nested 

14 instrument relative to said interface apparatus and\fiirther includes: 

a rotation sensor to measure rWional motion of said corresponding nested 



instrument; and 

a translation sensor to measure tr^slational motion of said corresponding 
nested instrument; 

wherein said peripheral motion assemblies are successi^ly arranged, and wherein each said 
capture mechanism is configured to capture a nested instrument ofVarticular dimension and peraiit 
lesser dimensioned instruments to extend through that peripheral motion assembly. 
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1 48. An inteitface apparatus for operatively interconnecting instruments to a simulation 

2 system to enable a useAto interact with the simulation system to perform a medical procedure on a 

3 simulated anatomy of a vWtual patient, said interface apparatus comprising: 

4 a plurality of independent peripherals each selectively manipulable by the user and associated 

5 with a corresponding medicalMnstrument; 

6 a plurality of sensing kssemblies each associated with a corresponding independent 

7 peripheral for measuring manipulation of said corresponding independent peripheral within the 

8 simulated anatomy and providing information associated with manipulation of that independent 

9 peripheral to the simulation system to e^ble the simulation system to simulate performance of the 

10 medical procedure with said correspondingW^al instruments in accordance with said independent 

1 1 peripheral manipulation; ^ |\' } 

12 wherein each said sensing assemblyftie^ a peripheral motion assembly including a 

1 3 capture mechanism to engage said corresponding independent peripheral, and said peripheral motion 

14 assembly is movable in response to translation^ mWpulation of said corresponding independent 

1 5 peripheral relative to said interface apparatus and further includes: 

a rotation sensor to measure rbtational motion of said corresponding 

17 independent peripheral; and \ 

2 g a translation sensor to measure translational motion of said corresponding 

19 independent peripheral; \ 

20 wherein said sensing assemblies are arranged in parallel\elation within said interface 

2 1 apparatus to measure manipulation of said independent peripherals. \ 
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1 49. In an interface apparatus for operatively interconnecting a peripheral to a simulation 

2 system to enable a uSfer to interact with the simulation system to perform a medical procedure on a 

3 simulated anatomy of a Virtual patient, wherein said interface apparatus includes a sensing assembly 

4 to measure manipulatic^ of said peripheral and transmit information associated with said 

5 manipulation to the simulation system and a coupling mechanism to operatively couple said 

6 peripheral to said sensing assembly, a capture mechanism to engage said peripheral comprising: 

7 a tubular member disposed between proximal and distal ends of said capture mechanism for 

8 engaging said peripheral; and 

9 a spring disposed between saiXproximal and distal ends of said capture mechanism and over 

10 said tubular member to elongate and cdmpress said tubular member in response to translational 

1 1 manipulation of said peripheral relative to s^int^rface apparatus to facilitate adjustment of tubular 

12 member cross-sectional dimensions; 
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wherein expansion of said sprinj 



in respojree to insertion of said peripheral within said 

1 4 interface apparatus elongates said tubular member\thereby decreasing said tubular member cross- 

1 5 sectional dimensions to engage said peripheral, and wherein compression of said spring in response 

16 to withdrawal of said peripheral from said interface a^aratus compresses said tubular member, 

17 thereby increasing said tubular member cross-sectional iUmensions to release said peripheral. 
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50. The mechanism of claim 49 further including: 
a disc attached to a proximal end of said coupling mechanisr 
a first annular washer disposed proximate and connected to said\disc; 
a second annular washer disposed toward said distal end of said cdtoture mechanism; and 
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5 a third annular washer disposed distally of and connected to said second annular washer for 

6 receiving said peripheral; 

7 wherein a tubular member proximal end is disposed through said first annular washer and 

8 attached to said disc and^ tubular member distal end is disposed through said second annular washer 

9 and attached to said third Vnnular washer; 

10 wherein said spring\s disposed between said first and second annular washers to elongate 

1 1 and compress said tubular niember in response to translational manipulation of said peripheral 

12 relative to said interface appaf^tus to facilitate adjustment of tubular member cross-sectional 

13 dimensions. 



5 1 . The mechanism of claim 



2 material. 



^9\merein said tubular member includes a spirally wound 



1 52. In an interface apparatus for operatiVely interconnecting a peripheral to a simulation 

2 system to enable a user to interact with the simulation system to perform a medical procedure on a 

3 simulated anatomy of a virtual patient, wherein said iriterface apparatus includes a sensing assembly 

4 to measure manipulation of said peripheral and transmit information associated with said 

5 manipulation to the simulation system and a coupling fnechanism to operatively couple said 

6 peripheral to said sensing assembly, a capture mechanism to engage said peripheral comprising: 

7 a peripheral interface having a plurality of jaws defined in a>s^stal portion thereof to surround 

8 and engage said peripheral; 

9 a spring disposed over said peripheral interface to bias said j aws to a normally closed state; 

23 



1 0 an expander disposed proximate said spring and having a conical distal end to manipulate 

1 1 said jaws to enter open and closed states; and 

12 a pivotable actuator disposed proximate said expander to manipulate said expander to 

13 overcome said spring bks and control actuation of said jaws for entry into said closed and open 

1 4 states for capturing and releasing said peripheral. 



1 53. The mechanism of Claim 52 further including an automatic capture and release 

2 mechanism to automatically capture and release said peripheral. 



2 includes: 




54. The mechanism of claim 53Aher6iiusaid automatic capture and release mechanism 



3 a rod connected to said sensing i^UemWy via a friction bracket; 

4 a pivotable bracket disposed on said sensin^assembly proximate said rod; 

5 an actuator extension coupled to said pivotable actuator to control actuation of said jaws to 

6 capture and release said peripheral; \ 

7 a support bracket disposed on said rod for manipulating said actuator extension to control 

8 actuation of said jaws; 

9 a bracket spring disposed between said sensing assembly ahd said pivotable bracket to apply 

1 0 force to said pivotable bracket to pivot that bracket about said suppdrt bracket and manipulate said 

1 1 actuator extension relative to said support bracket to conft-ol actuatioA^f said jaws in response to 

1 2 insertion and withdrawal of said peripheral within said interface apparat 
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13 wherein sai(y)eripheral interface captures said peripheral in response to said actuator 

1 4 extension being forced\against said support bracket by said pivotable bracket and said bracket spring 

15 and releases said peripheral in response to said actuator extension being forced away from said 

1 6 support bracket by said pivotable bracket and said bracket spring. 



1 55. In an interface Having a peripheral selectively manipulable by a user and associated 

2 with a medical instrument, a sending assembly to measure manipulation of the peripheral and a 

3 coupling mechanism to operatively\ouple the peripheral to the sensing assembly, a method of 

4 enaWing the user to interact with a sitAti^n system via the interface to perform a medical 

5 procedure on a simulated anatomy of/a/viVarpatiekt comprising the steps of: 

6 (a) operatively coupling the plipheral to tht sensing assembly via the coupling mechanism; 

7 (b) automatically adjusting coi^)linrmechanism dimensions in response to translational 

8 manipulation of the peripheral relative to the interface to facilitate measurement of peripheral 

9 manipulation; 

1 0 (c) measuring manipulation of the peripheralVia the sensing assembly; and 

1 1 (d) transmitting information associated with the\neasured manipulation from the interface 

1 2 to the simulation system to enable the simulation system to^mulate performance of the medical 

13 procedure with the associated medical instrument in accordance with the measured manipulation. 



1 



56. The method of claim 55 further including the step of: 

2 (e) applying force feedback to the peripheral in response t^control signals from the 

3 simulation system. 
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1 57. Thev^ethod of claim 55 wherein the interface further includes a mock anatomical site 

2 having an orifice for receiving the peripheral and providing access to the coupling mechanism, and 

\ 

3 step (a) further includes: 

4 (a. 1 ) selectively pivoting the mock anatomical site into a particular orientation to perform 

5 the medical procedure. 
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58. The method of claim 55 wherein the interface further includes a mock anatomical site 
having an orifice for receiving the peripheral, a block of resilient material disposed between the 
mock anatomical site and the coupling me^h^nisil^ and a guide tube to guide the peripheral within 
the interface, and step (a) further includes 



(a.l) simulating forces and mover 



fice encountered during performance of the 
medical procedure by forming a resilient Jassage-within the interface for the peripheral to traverse, 
wherein step (a.l) further includes: 

(a. 1 . 1 ) forming the resilient passage by p^itioning the guide tube within the interface 
to extend fi-om the orifice through the block to the\;oupling mechanism. 



1 59. The method of claim 55 wherein the associated i^edical instrument includes an 

2 endoscope, and the medical procedure is an endoscopic procedure. 



1 60. The method of claim 59 wherein the peripheral is in the foftn of an endoscope and 

2 includes a working channel, a working channel peripheral selectively mani^lable by the user and 
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3 associated with ^working channel tool and a sensor to measure manipulation of the working channel 

4 peripheral, and stepV) further includes: 

5 (c. 1 ) measuringonanipulation of the working channel peripheral via the sensor; and 

6 step (d) further includes: 

7 (d. 1) transmitting information associated with the working channel peripheral manipulation 

8 to the simulation system to enable the simulation system to simulate performance of the medical 

9 procedure with the associated W&rking channel tool in accordance with the working channel 
10 peripheral manipulation. 



1 
2 



61 . The method of claim 60 further, inirfuding the step of: 

(e) applying force feedback to the ^orkuif^annel peripheral. 



1 62. The method of claim 59 whereuTtfi^peripheral is in the form of an endoscope and 

2 includes a navigation tube for insertion into the inteWe to traverse the simulated anatomy of the 

3 virtual patient, a tube position peripheral selectively ni^ipulable by the user and associated with 

4 a distal end of the navigation tube and a sensor to meaWe manipulation of the tube position 

5 peripheral, wherein the distal end of the navigation tube is associated with a camera, and step (c) 

6 further includes: 

7 (c. 1 ) measuring manipulation of the tube position periphera\via the sensor; and 

8 step (d) further includes: 

9 (d. 1 ) transmitting information associated with the tube position peripheral manipulation to 
10 the simulation system to enable the simulation system to simulate flexing V the navigation tube 
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1 1 distal end and positRming of the camera within the simulated anatomy during performance of the 

1 2 medical procedure in accordance with the tube position peripheral manipulation. 



1 63. The method ofVlaim 55 wherein the medical procedure is an interventional radiology 

2 procedure, the peripheral incliides a pluraUty of nested instruments each selectively manipulable by 

3 the user and associated with a cWesponding medical instrument, the interface further includes a 

4 plurality of said coupling mechaniSps each associated with a corresponding nested instrument, and 

5 step (a) further includes: 

6 (a. 1) operatively coupling the iksted instruments to the sensing assembly via the coupling 

7 mechanisms; 

8 step (b) further includes: 

9 (b.l) automatically adjusting I di/nensW/ of the coupling mechanisms in response to 

10 translational manipulation of the correspondingVested instruments to facilitate measurement of 

1 1 nested instrument manipulation; 

12 step (c) forther includes: 

13 (c. 1 ) measuring manipulation of each nested in^ment within the simulated anatomy via 

14 the sensing assembly; and 

1 5 step (d) further includes: 

16 (d. 1 ) transmitting information associated with the measui^ nested instmment manipulation 

17 to the simulation system to enable the simulation system to simulate performance of the medical 

18 procedure with the corresponding medical instruments in accordant^ with the nested instrument 

19 manipulation. 
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1 64. The method of ojaim 55 wherein the interface further includes a plurality of peripherals 

2 each selectively manlpulable ^ the user and associated with a corresponding medical instrument and 

3 a plurality of said coupling mechanisms each associated with a corresponding peripheral, and step 

4 (a) further includes: 

5 (a.l) operatively couplingXthe plurality of peripherals to the sensing assembly viia the 

6 coupling mechanisms; 

7 step (b) further includes: 

8 (b.l) automatically adjusting dim^nsicms^of the coupling mechanisms in response to 

9 translational manipulation of the correspo^i^^e^erals to facilitate measurement of peripheral 

10 manipulation; 

1 1 step (c) further includes: 

12 (c.l) measuring manipulation of each penpheral within the simulated anatomy via the 

1 3 sensing assembly; and 

14 step (d) further includes: 

15 (d.l) transmitting information associated with nianipulation of each peripheral to the 

1 6 simulation system to enable the simulation system to simulate performance of the medical procedure 

1 7 with the associated medical instruments and exchange of the as^ciated medical instruments during 

1 8 the medical procedure in accordance with the manipulation of the^peripherals. 

\ 

1 65 . The method of claim 56 wherein the interface further includes a capture mechanism to 

2 engage the peripheral, and step (a) further includes: 
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3 (a.l) engaging\a distalmost portion of the peripheral via the capture mechanism to 

4 operatively couple the peripheral to the sensing assembly. 
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66. The method of claim 65 wherein the capture mechanism includes a tubular member 
disposed between proximal and\iistal ends of the capture mechanism and a spring disposed over the 
tubular member to elongate and compress the tubular member, and step (a.l) includes: 

(a. 1 . 1) decreasing cross-sectional dimensions of the tubular member to engage the peripheral 
by expanding the spring in response to insertion of the peripheral within the interface; and 

(a. 1 .2) increasing the tubular mefiiber cioss-sectional dimensions to release the peripheral 



by compressing the spring in resi 




wal of the peripheral from the interface. 



1 67. The method of claim 65whereiXi the capture mechanism is disposed within the 

2 sensing assembly and includes a peripheral interfke having a plurality of jaws defined in a distal 

3 portion thereof to surround and engage the peripheral\a spring disposed over the peripheral interface, 

4 an expander having a conical distal end to manipiiiate the jaws, and a pivotable actuator to 

5 manipulate the expander to actuate the jaws, wherein stto (a. 1) further includes: 

6 (a. 1 . 1 ) biasing the j aws to a normally closed statesvia the spring; and 

7 (a. 1 .2) manipulating the jaws to enter open and clos^states for capturing and releasing the 

8 peripheral by manipulating the pivotable actuator to cause the e^ander to overcome the spring bias 

9 and control actuation of the jaws. 
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68. The metfiod of claim 67 wherein the capture mechanism further includes an automatic 

\ \ 

capture and release m^hanism to capture and release the peripheral, and step (a. 1.2) further 



includes: 



\ J 
(a. 1.2.1) automatically bapturing and releasing the peripheral via the automatic capture and 

release mechanism. \ 

\ 

V 

69. The method of clairh 68 wh^ein the automatic capture and release mechanism includes 
a rod connected to the sensing assfembly vi^^ajclction^racket, a pivotable bracket disposed on the 
sensing assembly proximate the ro4 an/actu^r extension coupled to the pivotable actuator to 
control actuation of the jaws, a suppoi^racJ^dVosed on\e rod and a bracket spring disposed 
between the sensing assembly and the pi^table bradket, ancj/step (a. 1 .2. 1) further includes: 

(a. 1.2. 1.1) pivoting the pivotalfle^bracket abo^the support bracket to manipulate the 
actuator extension relative to the suppo\brjicke^contr\^l actuation of the jaws in response to 
insertion and withdrawal of the peripheral within the interface 

(a. 1 .2. 1 .2) capturing the peripheral in respons^o the actu^or extension being forced against 
the support bracket during insertion of the peripheral wi^in the inWace; and 

(a. 1 .2. 1 .3) releasing the peripheral in response to the actuator ^tension being forced away 
from the support bracket during withdrawal of the peripheral from the irfterface. 



1 70. The method of claim 69 wherein the peripheral includes a plurality y nested instruments 

2 each selectively manipulable by the user and associated with a corresponding m^ical instrument, 

3 the interface fiirther includes a plurality of said sensing assemblies each associated with a 
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4 corresponding ntested instrument to measure manipulation of that nested instrument and a plurality 

5 of said coupling irtechanisms each associated with a corresponding nested instrument to operatively 

6 couple that nested instrument to a corresponding sensing assembly, and wherein the friction bracket 

7 of each sensing assembly capture mechanism includes a selectively adjustable friction member, and 

8 step (a) fiirther includes: 

9 (a.2) operatively coupling tiie nested instruments to the corresponding sensing assemblies 

10 via the corresponding coupling^^echanisms; 

1 1 step (b) further includes: 

12 (b.l) automatically adjusting\th^mei/sions of the coupling mechanisms in response to 

13 translational manipulation of the co^e^Donffiignest^d instruments to facilitate measurement of 

14 nested instrument manipulation; 

1 5 step (c) further includes: 

16 (c.l) measuring manipulation of each ri^sted instrument via the corresponding sensing 

17 assemblies; and 

1 8 step (d) further includes: 

19 (d. 1) transmitting information associated with manipulation of the nested instruments to the 

20 simulation system to enable the simulation system to simulateWformance of the medical procedure 

2 1 with the corresponding medical instruments in accordance with f^e nested instrument manipulation; 

22 and 

23 (d.2) simulating frictional forces encountered between Vested instruments during 

24 performance of the medical procedure by adjusting frictional forces betw^n the friction bracket of 
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25 each sensing assembly and a corresponding capture mechanism rod to control resistance applied by 

26 that sensing assembly tb translational motion of the corresponding nested instrument. 

1 7 1 . The method of claim 65 wherein the coupling mechanism includes an inner tubular 

2 member disposed within an outeNubular member, the capture mechanism is disposed at a proximal 

3 end of the inner tubular member to engage the peripheral, a distal end of the inner tubular member 

4 is attached to the sensing assembly, andsstep (b) further includes: 

5 (b.l) automatically adjusting ttie coupling mechanism dimensions in response- to 

6 translational manipulation of the peripheralVelative to the interface by sliding the inner tubular 

7 member relative to the outer tubular member; as 

8 step (c) further includes: 

9 (c. 1) measuring manipulation of the p|riph6ral>y measuring manipulation of the inner 

1 0 tubular member, wherein the inner tubular member is ma^iipulated in accordance with manipulation 

11 of the peripheral. 

1 72. The method of claim 65 wherein step (a. 1 ) further i^ludes: 

2 (a. 1 . 1 ) biasing the capture mechanism to an open state t<X^enable entry and release of the 

3 peripheral within the capture mechanism. 
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73. The method of claim 65 wherein step (b) further includes: 

(b. 1) stabilizing the peripheral against buckling during manipulation V the peripheral within 
the interface to perform the medical procedure. 
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74. Thelnethod of claim 73 wherein the coupling mechanism includes an inner tubular 
member disposed Within an outer tubular and a distal end of the inner tubular member is attached 
to the sensing assembly, and step (b.l) further includes: 

(b. 1 . 1) stabiliziiig the peripheral against buckling and automatically adjusting the coupling 
mechanism dimensions in\esponse to translational manipulation of the peripheral relative to the 
interface by sliding the inner tubular member relative to the outer tubular member. 
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75. The method of claim 6S wherein the interface further includes first and second supports, 
the sensing assembly includes first arid second pulleys respectively disposed on the first and second 
supports, a belt disposed about and beVeen/he first and second pulleys and a peripheral motion 



assembly attached to the belt and couphd to the p 



supp 



ipheral, wherein the peripheral motion assembly 
;s in response to translational manipulation of the 



is movable between the first and seo 

peripheral relative to the interface, and step (c) fyher includes 
(c. 1 ) measuring rotational motion of the peripheral; and 

(c.2) measuring translational motion of the ^pheral by measuring rotation of the first 
pulley, wherein the peripheral motion assembly manipulates the belt to rotate the first and second 

10 pulleys during movement between the first and secondWports in response to translational 

1 1 manipulation of the peripheral; and 

12 step (e) fiirther includes: 

13 (e.l) applying force feedback to the peripheral in response to control signals from the 

14 simulation system by impeding rotation of the second pulley, whereV the second pulley applies a 



34 



1 5 resistive force to the bek in response to the impeded rotation to impede translational motion of the 

16 peripheral motion assembly, and thereby impede translational motion of the peripheral. 



1 76. The method of cl^ 65 wherein the interface further includes first and second supports, 

2 the sensing assembly includes first and second pulleys respectively disposed adjacent the first and 

3 second supports, a belt disposed dbout and between the first and second pulleys and a peripheral 

4 inotion assembly attached to the bel\and coupled to the peripheral, wherein the peripheral motion 

1 

5 assembly is movable between the first ^n^-second supports in response to translational mampulation 

6 of the peripheral relative to the inteifl'ce]Wd st^p (c) further includes: 

7 (c. 1 ) measuring rotational Aiotion,\f the peripheral; and 

8 (c.2) measuring translational motion df the peripheral by measuring translational motion of 

9 the peripheral motion assembly, wherein the peripheral motion assembly manipulates the belt to 

10 rotate the first and second pulleys during movement between the first and second supports in 

1 1 response to translational manipulation of the peripheral; and 

12 step (e) further includes: 

13 (e.l) applying force feedback to the periphW in response to control signals fi-om the 

14 simulation system by impeding rotation of the first pulleV wherein the first pulley applies a resistive 

1 5 force to the belt in response to the impeded rotation to impede translational motion of the peripheral 

16 motion assembly, and thereby impede translatiVial motion of the peripheral. 
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1 77. The metfipd of claim 73 wherein the coupling mechanism includes a bellows with a 

2 series of openings definted therein, and step (b. 1) fiirther includes: 

3 (b. 1 .1) stabilizingVthe peripheral against buckling by receiving the peripheral within the 

4 openings to operatively couple the peripheral to the sensing assembly. 

1 78. In an interface having a^lurality of peripherals each selectively manipulable by a user 

2 and associated with a corresponding m^ical instrument and a plurality of sensing assemblies each 

3 associated with a corresponding peripheralNfor measuring manipulation of that peripheral, a method 

4 of enabling the user to interact with a simulation sypm via the interface to perform a medical 



p^^^ptcon^sing the steps of: 
.^s to the corresponding sensing assemblies; 
(b) measuring manipulation of each periphgr^ia the corresponding sensing assemblies; 



(a) operatively coupling the peripher 



5 procedure on a simulated anatomy of a virtua 
6 
7 

8 and 



9 (c) transmitting information associated with the measured manipulation from the interface 

10 to the simulation system to enable the simulation system to simulate performance of the medical 

1 1 procedure with the associated medical instruments and exchange of the associated medical 

1 2 instruments during the medical procedure in accordance with manipMation of the peripherals. 
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79. In an interface having a peripheral selectively manipulable by aVser and associated with 
a corresponding medical instrument, a sensing assembly to measure manipulVion of the peripheral 
and a mock anatomical site having an orifice for receiving the peripheral and proNnding access to the 
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4 sensing assembly, a irifethod of enabling the user to interact with a simulation system via the interface 

5 to perform a medical procedure on a simulated anatomy of a virtual patient comprising the steps of: 

6 (a) operatively coupling the peripheral to the sensing assembly; 

7 (b) selectively pivoftng the mock anatomical site into a particular orientation to perform the 

8 medical procedure; 

9 (c) measuring manipulVtion of the peripheral via the sensing assembly; and 

1 0 (d) transmitting informatics associated with the measured manipulation from the interface 

11 to the simulation system to enable ffl^ simulation system to simulate performance of the medical 

1 2 procedure with the associated medical iJi^tiiifn^int in accordance with the peripheral manipulation. 



1 80. In an interface having a peidp||eral \el^tively manipulable by a user and associated with 

2 a corresponding medical instrument, a sen^ng asWbly to measure manipulation of the peripheral, 

3 a mock anatomical site having an orifice for receiving the peripheral, a block of resilient material 

4 disposed between the mock anatomical site and the sensing assembly and a guide tube to guide the 

5 peripheral within the interface, a method of enabling thVuser to interact with a simulation system 

6 via the interface to perform a medical procedure on a si^iiulated anatomy of a virtual patient 

7 comprising the steps of: 

8 (a) operatively coupling the peripheral to the sensing as^mbly; 

9 (b) simulating forces and movement of the orifice encountered during performance of the 

1 0 medical procedure by forming a resilient passage within the interface ft^r the peripheral to traverse, 

1 1 wherein step (b) further includes: 
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12 (b. 1) forming the resilient passage by positioning the guide tube within the interface 

1 3 to extend from me orifice through the block toward the sensing assembly; 

1 4 (c) measviring nvianipulation of the peripheral via the sensing assembly; and 

1 5 (d) transmitting information associated with the measured manipulation from the interface 

16 to the simulation system to enable the simulation system to simulate performance of the medical 

1 7 procedure with the associated medical instrument in accordance with the peripheral manipulation. 

^1 81. In an interface for operakvely interconnecting a peripheral to a simulation system to 

2 enable a user to interact with the simula^n system to perform a medical procedure on a simulated 

3 anatomy of a virtual patient, wherein th/ interface includes a sensing assembly to measure 

4 manipulation of the peripheral and transiiit Mormytion associated with the manipulation to the 

5 simulation system, a coupling mechani^Lto;^eratively couple the peripheral to the sensing 

6 assembly and a capture mechanism having a tubula)\member disposed between proximal and distal 

7 ends of the capture mechanism to' engage the periphefal, a method of engaging the peripheral for 

8 interaction with the interface comprising the steps of: \ 

9 (a) decreasing cross-sectional dimensions of the tubular member to engage the peripheral 

1 0 by expanding the tubular member in response to insertion of this peripheral within the interface; and 

1 1 (b) increasing the tubular member cross-sectional dimensions to release the peripheral by 

12 compressing the tubular member in response to withdrawal of this peripheral from the interface. 

1 82. In an interface for operatively interconnecting a peripheral to a simulation system to 

2 enable a user to interact with the simulation system to perform a medical Vocedure on a simulated 
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3 anatomy of a virtual pkient, wherein the interface includes a sensing assembly to measure 

4 manipulation of the peripheral and transmit information associated with the manipulation to the 

5 simulation system, a coupling mechanism to op'e'ratively couple the peripheral to the sensing 

6 assembly and a capture mechanism including a peripheral interface having a plurality of jaws defined 

7 in a distal portion thereof to surround and engage the peripheral, a spring disposed over the 

8 peripheral interface to bias the jaws to^ normally closed position, an expander to manipulate the 

9 jaws and a pivotable actuator to manipulatethe expander to actuate the jaws to engage the peripheral, 

1 0 a method of engaging the peripheral for interaction with the interface comprising the step of: 

\ 

1 1 (a) actuating the jaws to enter openWd closed states for capturing and releasing the 

1 2 peripheral by manipulating the pivotable actuator \o c^e the expander to overcome the spring bias 

1 3 and control actuation of the jaws. 



1 83. The method of claim 82 wherein the capture mechanism further includes an automatic 

2 capture and release mechanism to automatically capture al^d release the peripheral, and step (a) 

3 further includes: 

4 (a.l) automatically capturing and releasing the peripheV^l via the automatic capture and 

5 release mechanism. 

1 84. The method of claim 83 wherein the automatic capture and relfease mechanism includes 

2 a rod connected to the sensing assembly via a fiiction bracket, a pivotable bracket disposed on the 

3 sensing assembly proximate the rod, an actuator extension coupled to the fcvotable actuator to 
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4 control actuation of the jaws, a su^ort bracket disposed on the rod and a bracket spring disposed 

5 between the sensing assembly and pivotable bracket, and step (a. 1) further includes: 

6 (a. 1 . 1 ) pivoting the pivotable bracket about the support bracket to manipulate the actuator 

7 extension relative to the support bracket to c^tr^l actuation of the jaws in response to insertion and 

8 withdrawal of the peripheral within the int( rfa^ apparatus; 
^9 (a. 1 .2) capturing the peripheral inte§p<Jns\ to the actuator extension being forced against 

1 0 the support bracket during insertion of the peripheral Vithin the interface; and 

1 1 (a. 1 .3) releasing the peripheral in response to the actuator extension being forced away from 

1 2 the support bracket during withdrawal of the peripheral froinsthe interface. 
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